Objective To use a quantitative approach to evaluate the literature for quantity, quality, and consistency of studies of maternal and infant characteristics in association with breastfeeding initiation and continuation, and to conduct a meta-analysis to produce summary relative risks (RRs) for selected factors.
B
reastfeeding and human breast milk are the normative standards for ideal feeding and nutrition for infants 1 with many established short-and long-term benefits. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Exclusive breastfeeding through the first 6 months of age with continued breastfeeding through 12 months is universally recommended, but despite the known health benefits, breastfeeding rates drop precipitously soon after birth. In 2013 in the US, 81% of infants were breastfed at birth, but by age 3 months, only 44% were exclusively breastfed. 20 Worldwide from 2007 to 2014, approximately 36% of infants ages 0-6 months were exclusively breastfed. 21 To develop interventions that help more women breastfeed, an understanding of the many factors affecting choice of feeding modality is critical. Many maternal and infant factors have been examined in relation to breastfeeding; in particular, maternal obesity has been well-established as a risk factor for poorer breastfeeding outcomes. 22 For other factors, however, numerous studies with small sample sizes, diverse populations, and heterogeneity in study design and definitions of outcomes and exposures make it difficult to discern patterns that can inform successful interventions. Therefore, in this study, we performed a comprehensive literature review and quantitative meta-analysis of 6 select factors in relation to breastfeeding initiation and continuation. The factors chosen had not been examined collectively in prior studies and were suitable for meta-analysis: smoking, mode of delivery, parity, dyad separation, maternal education, and maternal breastfeeding education. Methodologic limitations prevented the examination of some potentially important factors in a meta-analytic context, such as socioeconomic status (SES), and this review is P-h P value for heterogeneity RR Relative risk SES Socioeconomic status WIC Women, infants, and children not intended to discuss all potentially relevant factors that influence breastfeeding behaviors. This study was conducted according to the PRISMA guidelines for systematic reviews and meta-analyses. 23 
Methods
An initial search of the literature (PUBMED and CINAHL) was conducted to broadly identify characteristics that have been studied in relation to early breastfeeding (Search strings shown in Table I [available at www.jpeds.com]). We focused on factors identifiable during the perinatal period and attainable by history at birth or during the early lactation period. Postnatal changes in family, social, or work-related events were not included. The search was conducted from January to May 2015 with no lower date truncation and included over 2600 titles and abstracts and 183 full text papers. After data abstraction of the 183 papers (including study design, year and location of study, maternal and/or infant cohort details, predictor(s) of breastfeeding, breastfeeding outcome(s) assessed, and statistical techniques including model form and covariate adjustment), all independent variables predicting breastfeeding outcomes were grouped into distinct categories that were reviewed by practicing pediatricians and a Certified Lactation Counselor for clinical relevance and refined to contain the most homogeneous groupings. For all categories that had statistically significant predictors of breastfeeding outcomes in at least 5 publications, an evidence score from 1 to 9 was assigned for each factor-outcome relationship. This score was based on volume of supportive studies (up to 3 points), magnitude of association (up to 3 points), and relative consistency of associations (up to 3 points). Tables II and III (available at www.jpeds.com) include all initial factors considered as well as the associated evidence scores.
After evaluation of the evidence scores in combination with clinical input, 6 factors were identified for full systematic quantitative evaluation: maternal smoking, mode of delivery (vaginal vs cesarean delivery), parity, infant-mother (hereafter called dyad) separation (including both early skin-toskin contact and rooming-in of infants in the hospital), maternal educational attainment, and breastfeeding education received by the mother or parents. Smoking and parity had lower evidence scores than other factors but were included based on perceived importance in clinical practice. Conversely, external/environmental characteristics and internal/ dyad characteristics of the mother as well as breastfeeding intent were not included despite relatively high evidence scores because the measures were too heterogeneous to be used in a meta-analysis. After careful consideration, SES was not included due to methodologic challenges. In US studies, the effects of the women, infants, and children (WIC) program on breastfeeding vs formula use are complex and the true relationship between breastfeeding and SES is difficult to tease out in meta-analysis; there is also lack of generalizability of WIC globally. Further, in accordance with recommended protocol for the conduct of systematic reviews and metaanalyses, such as the PRISMA guidelines, the measures of SES were deemed too heterogeneous to be combined in a meta-analysis (factors are described in Table IV [available at www.jpeds.com]). Maternal obesity initially did not emerge as a high-impact factor in our broad searches but after adding specific search terms related to maternal body size, a 2014 meta-analysis that reviewed 19 articles (6 obtained via literature search and 13 obtained via review of references or the snowball method) 22 was identified; as few new articles on this topic were published since 2014, our review did not include an update of maternal obesity in relation to breastfeeding. Also, of note, factors including maternal age, race/ethnicity, gestational age, and pacifier use did not reach minimal evidence scores in terms of volume, strength, or consistency.
Current Literature Review
For the current systematic review, each of the 6 factors identified in the initial search was examined in a separate, comprehensive literature search using PUBMED limited to papers published between January 1, 2005 and March 12, 2016 (search terms shown in Table V) . A 10-year search history was deemed a suitable representation of the current standard of care. Papers were included if they were written in English, included a study population in a developed nation, presented original data, and reported a relevant exposure (1 or more of the 6 factors of interest) and relevant outcome (either breastfeeding initiation, defined as in the birth hospitalization period or up to 1 week after birth, or breastfeeding continuation, defined as breastfeeding from 1 month of age up to the end of the first year). Relevant data from the papers selected for inclusion were abstracted by 1 epidemiologist and reviewed by a second. No data were sought from original investigators, and studies were not formally assessed for quality or potential sources of bias.
Statistical Analyses
For analysis, papers were included in 1 or both categories (initiation or continuation) for breastfeeding outcomes depending on available results. Exposures and outcomes were harmonized across studies so that all comparisons were in the same direction. When results for multiple time windows were provided, the earlier or shorter time window was used in the analysis. For exposures with multiple categories, the highest value (eg, the highest level of multiple categories of educational attainment) was compared with the lowest.
Estimates of relative risk (RR) and CIs from each study were combined in separate meta-analysis models for each combination of the 6 factors and 2 outcomes (initiation and continuation) using Comprehensive Meta-Analysis software (v 3.2.00089; Bio stat, Englewood, New Jersey). Randomeffects meta-analysis models were used to generate summary RR estimates, 95% CIs, and corresponding P values for heterogeneity (P-h). Study weights were equal to the inverse of the variance of each study's effect estimate. 24 Statistical heterogeneity was assessed with Cochran Q, which tests for between-study statistical variation, and I 2 , which indicates percentage of variation attributable to between-study Volume 203 • December 2018 heterogeneity. Formal tests of publication bias were not conducted. Table V shows the number of studies screened for each factor as well as the number that went on to full-text review and abstraction. Most papers were excluded at the abstract level due to lack of relevant exposure or outcome data, inappropriate study design (review or case study), or duplication. Figures 1-6 (available at www.jpeds.com) show flow diagrams for each factor under study and Tables VI-XI (available at www.jpeds.com) list each paper selected for abstraction.
Results
For breastfeeding initiation, the time frame was consistent across studies with initiation being evaluated within the birth hospitalization period or up to 1 week after birth. For breastfeeding continuation, the time frame for evaluation varied considerably across studies from 1 month up to 1 year although most studies focused on the first 2-4 months of the postpartum period (Tables VI-XI) .
For maternal smoking, papers were harmonized according to smoking during pregnancy vs not. Results (Table XII, relatively consistent in showing increased breastfeeding initiation (P-h < 0.01, I 2 = 67.37)) and continuation (P-h < 0.001, I 2 = 80.16) for nonsmokers compared with smokers. One study included paternal smoking in relation to continuation; when removed in a sensitivity analysis, results were similar (summary RR 1.96; 95% CI 1.72-2.23; P-h < 0.001, I 2 = 79.48). Papers examining delivery mode most often compared vaginal to cesarean delivery, but there was heterogeneity in more subtle groupings within vaginal (spontaneous vs induced, or forceps or vacuum assistance vs no assistance) and cesarean delivery (elective/not in labor vs nonselective/in labor). Whenever available, we used RRs with spontaneous vaginal delivery as the independent variable in the meta-analyses. Summary RRs for breastfeeding initiation (P-h < .01, I 2 = 93.11) and continuation (P-h < 0.01, I 2 = 55.46) were higher for vaginal compared with cesarean delivery (Table XII, Figure 7 , B, and Figure 8 , B).
For papers examining parity in relation to breastfeeding initiation, there was a great deal of heterogeneity in results between the individual studies, and the summary RR for multiparous woman vs primiparous woman was nonsignificant (Table XII 2 = 76.59) of breastfeeding. Sensitivity analyses of studies examining skin-to-skin and rooming-in separately similarly found that the association was stronger for initiation. For skin-to-skin alone, the summary RR was 1.79 (95% CI 1.30-3.11; P-h < .001; I 2 = 93.1) for initiation (7 studies) and 1.14 (95% CI 1.07-1.86; P-h = 0.001; I 2 = 75.62) for continuation (6 studies). Models limited to rooming-in had a summary RR for initiation of 2.20 (95% CI 1.44-3.36; P-h < 0.001; I 2 = 87.05) in 7 studies and 1.04 (95% CI 0.93-1.16; P-h 0.93; I 2 < 0.01) for continuation in 3 studies. Measurement and categorization of maternal education was variable and often dependent on the country in which the study was conducted. For analysis, the highest education level vs the lowest was used. Although the magnitude of effect varied across studies, the direction was consistent with nearly all individual studies showing a higher likelihood of breastfeeding initiation and continuation among women with higher vs lower levels of education. The summary RRs for breastfeeding initiation (Table XII, Figure 7, E; P-h < 0.01, I 2 = 92.27) and continuation (Table XII, Figure 8, E; P-h < 0.001, I 2 = 97.06) were higher for women with the highest level of education vs the lowest.
We grouped interventions directed specifically at mothers or parents to increase knowledge and confidence around breastfeeding into the factor "breastfeeding education." These included attendance at prenatal breastfeeding classes, peer counseling on breastfeeding, and lactation consultation before or after delivery (full listing of measurements shown in Table XI ). Interventions at the clinic or hospital-level or those directed at clinicians were excluded. Receiving some type of breastfeeding education or support was positively associated with increased likelihood of either breastfeeding initiation (Table XII, 2 = 69.67). A set of sensitivity analyses were conducted for breastfeeding continuation that limited the follow-up time to less than 4 months to reduce potential biases related to the introduction of foods other than breastmilk or formula that may begin after 4 months. The summary RRs for breastfeeding continuation in studies limited to 4 months or less of follow-up are summarized in Table XII . The patterns were similar as in the analysis of all time periods for continuation as reported by the individual studies.
Discussion
In this systematic review and meta-analysis, 6 factors were examined in association with breastfeeding initiation and continuation: maternal smoking, vaginal delivery, multiparity, dyad separation and connection, maternal education level, and breastfeeding education/support.
Smoking was one of the strongest and most consistent factors associated with early breastfeeding. Approximately 11% of women in the US smoke during pregnancy and the numbers are even higher in Europe, 25, 26 indicating an efficient potential target for increased breastfeeding interventions. In addition to women who smoke throughout pregnancy, 50%-80% of women who quit during pregnancy will relapse to smoking within the first 6 months after birth, 27, 28 and smoking among breastfeeding women is associated with both shorter duration and reduced milk production. [29] [30] [31] [32] [33] [34] Smoking may be serving, at least in part, as a surrogate measure for SES (and the associated challenges related to breastfeeding), but nonetheless, its strong association indicates that it may be a useful characteristic in identifying women who would benefit from additional support in establishing and maintaining breastfeeding.
A large volume of literature was available to examine delivery mode in relation to breastfeeding. Despite some heterogeneity in the categorization of delivery types, vaginal delivery was consistently associated with significant increases in both breastfeeding initiation and continuation. Maternal body size is an important confounder between delivery mode and breastfeeding, but out of 34 studies of breastfeeding initiation, only 7 controlled for maternal body mass index, and in 19 studies of breastfeeding continuation, only 3 controlled for maternal body mass index. Thus, a portion of the effect size of the relationship between delivery mode and breastfeeding outcomes is likely attributable to underlying confounding by maternal body size. Cesarean deliveries might also lead to less breastfeeding initiation because of a disruption of the infant/ mother dyad. Lactogenesis may be disrupted in women who have cesarean deliveries as a result of decreased oxytocin secretion or maternal stress, which may result in decreased milk production. [35] [36] [37] [38] Although we did not distinguish between the 2 in our analyses, the type of cesarean delivery (planned or emergency) has been found to influence breastfeeding initiation and duration. Although mothers who underwent emergency cesarean deliveries had greater difficulty initiating breastfeeding compared with vaginal deliveries, 36, 39 several studies have shown that planned cesarean delivery in particular is associated with a significant decrease in breastfeeding initiation. [39] [40] [41] Women undergoing a planned cesarean delivery were less likely to intend to breastfeed, initiate breastfeeding, or seek lactation support. 39 Infants born by planned cesarean deliveries are more likely to suffer from factors associated with lower gestational age that impact breastfeeding initiation, such as poor sucking skills and decreased alertness. 35, 39, 42 A large degree of heterogeneity was noted in the individual studies examining the effect of multiparity on breastfeeding initiation. Some studies showed a positive association with multiparity and others showed a negative effect, and the summary RR for breastfeeding initiation was nonsignificant. However, multiparity was positively related to continuation of breastfeeding. Prior work has shown that challenging breastfeeding experiences, unsuccessful attempts, and failure to initiate breastfeeding with the first child have been associated with failure to initiate breastfeeding with subsequent births. 39, 43 A composite metric for positive dyad connections (skinto-skin vs not or rooming-in vs not) was associated most strongly with increased breastfeeding initiation but also with breastfeeding continuation. Keeping the mother and infant dyad together during their hospital stay promotes attachment within the dyad, which is a likely mechanism to improve breast feeding initiation and duration. 44 A delay in breastfeeding initiation can result in reduced suckling ability and receptivity of the infant resulting in reduced or insufficient milk supply. [45] [46] [47] [48] [49] [50] [51] [52] [53] These results are consistent with the World Health Organization's Baby-friendly Hospital Initiative that recommends that the mothers are supported and encouraged to initiate breastfeeding with the first hour after birth (step 4) and that infants and mothers remain together 24 hours a day (step 7). 35, 42, 54 Despite measurement differences between study populations from different countries, the highest level of education vs the lowest was consistently associated with a higher likelihood of both breastfeeding initiation and continuation. Other sociodemographic characteristics such as lower maternal age and household income were similarly associated with decreased probability of breastfeeding initiation and continuation in another study. 55 These factors are likely to be at least partially accounted for within our factor of maternal education. More highly educated mothers may have more control over their schedule or work environment, which may provide the support needed to breastfeed for a longer time. 56 Mothers who received education on breastfeeding were 41% more likely to initiate and continue breastfeeding than women who received no such educational opportunities. Attendance at prenatal breastfeeding classes likely provides women with strategies to cope with the challenges associated with the first few weeks of breastfeeding (eg, perception of insufficient milk supply, breast engorgement, and cracked nipples) [57] [58] [59] [60] 61, 62 Our grouping of breastfeeding education generally aligns with steps 3 (inform all pregnant women about the benefits and management of breastfeeding) and 10 (foster the establishment of breastfeeding support groups and refer mothers to them on discharge from the hospital or birth center) of the Baby-friendly Hospital Initiative. The studies we included in our review are more recent than the original research cited by the Baby-friendly Hospital Initiative 10 steps, 54 but our meta-analysis comes to the same conclusion as the World Health Organization; there is significant evidence that increased education and support for mothers or parents during pregnancy or soon after birth improve breastfeeding initiation and continuation.
A recent systematic review employed stringent inclusion and exclusion factors to examine a large number of sociodemographic, physical, maternal, and social factors in relation to breastfeeding in the first 6 months but did not include a quantitative analysis. 63 Although our review and meta-analysis focused on a more limited number of factors that had a relatively large volume of high-quality literature, many factors were not included. In our initial search, we expected to identify infant birth factors such as hypoglycemia, jaundice, birth weight, and gestational age, but found very little published data meeting our inclusion criteria. These factors are often considered clinically important predictors of a successful early breastfeeding relationship but additional well-designed studies to substantiate this assumption appear warranted based on the lack of peer-reviewed evidence.
We also did not examine associations between breastfeeding and formula discharge packs provided to mothers leaving the hospital; this practice was shown in a 2000 Cochrane review to be associated with a reduction in exclusive breastfeeding but had no significant effect on the earlier termination of nonexclusive breastfeeding. 64 Although still relatively common, this practice declined 41% from 2007 to 2013 65 ; further contemporary research is needed to evaluate the effects on breastfeeding initiation and continuation.
As noted in the Methods section, a comprehensive and relatively recent systematic review of the literature related to maternal obesity and breastfeeding was identified, 22 and, thus, maternal obesity was not included in the current metaanalysis. The authors applied rigorous inclusion criteria and provided an assessment of the methodological quality of the studies they included in their review. Their overall conclusion that obese women are less likely to initiate and to continue breastfeeding than women of a healthy weight should be considered alongside the conclusions of the current metaanalysis in developing comprehensive breastfeeding education and support programs.
Limitations of our analysis include heterogeneity in measurement and categorization of the factors, particularly maternal education and breastfeeding education. There is additional heterogeneity in the study populations included as well in the timeframes examined for breastfeeding continuation. Not all studies presented RRs or appropriately adjusted THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 203 for confounders nor adjusted results using the same sets of confounders. Another limitation of this study is that these factors were studied in parallel, but in actual clinical practice, they are most certainly related in complex ways that were not considered in this analysis. Furthermore, some of the factors are not dichotomous but may be present in gradations (eg, rooming in, educational interventions). The ability to assess for a doseresponse would have strengthened this analysis; however, most studies do not quantify, for example, the amount of time rooming-in or the intensity of educational interventions. Also, this review did not include community-level factors such as hospital policy initiatives, clinician training, or interventions designed to increase breastfeeding rates. Finally, as noted in the Methods section, we did not include SES as one of our select factors. SES is certainly a potentially important factor in relation to breastfeeding initiation and continuation and is more readily collected in clinical settings (such as by payer identification or WIC status) than some other factors presented in this meta-analysis; however, SES as a construct in the literature published to date is quite heterogeneous, and, thus, SES was not included in this meta-analysis due to these methodologic limitations.
In summary, we found scant quality empirical evidence for some factors commonly believed to be important influences of the breastfeeding experience, and there were limitations in methodology for others (such as SES). For the 6 factors included in this review, despite differences in study design, measurement of exposures and outcomes, and underlying demographics of the populations studied, the literature provides relatively consistent indicators as to which factors influence breastfeeding decisions, particularly maternal smoking, maternal educational attainment, and dyad separation. Although some factors are not modifiable, these results may be informative in developing targeted, multifactorial interventions to provide the education and support needed to allow breastfeeding to be successful for more families. 
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RRs for non-separation (ie rooming in or skin-to-skin contact) vs separation (ie not rooming in or no skin-to-skin contact) for breastfeeding continuation RRs for higher maternal educational attainment compared with lower educational attainment for breastfeeding continuation RRs for receiving breastfeeding education (classes, support groups) vs not receiving such education for breastfeeding continuation 
Each instance of a significant finding for a factor grouping comes from a single statistical model. Multiple statistical models were reported in many papers. Evidence scores range from 1 to 9 based on the sum of: volume of supportive studies (up to 3 points), the magnitude of association (up to 3 points), and the relative consistency of associations (up to 3 points). Only factor categories with at least 5 significant findings in the literature were given an evidence grade.
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